Critical thinking (CT) is important to nursing education and practice. Although there is evidence that active learning approaches, such as problem-based learning (PBL), are eff ective in developing CT dispositions, the fi ndings are inconclusive. This study examines the eff ect of PBL on the development of CT dispositions in nursing students using a crossover-experimental study in a course off ered to nursing students in China. All students were randomly assigned to two parallel groups, with one group receiving PBL and the other receiving lecture-based learning (LBL) as a control. The CT Dispositions Inventory-Chinese Version was administered before and after the semester-long course. Data were collected at three time points. No signifi cant differences between groups were noted in overall and subscale scores at baseline; however, pronounced diff erences in overall posttest scores existed between the PBL and LBL groups. Thus, PBL learning signifi cantly enhanced the CT dispositions of nursing students enrolled in MedicalSurgical Nursing II. [J Nurs Educ. 2013;52(10):574-581.] 
C ritical thinking is a common concept among educators and consists of the clarifi cation, simplifi cation, organization, and rationalization of ideas (Lau, 2011; Rolfe, 2008) . Critical thinking is composed of several key elements, including an individual's ability to pursue and comprehend relevant information and an association among knowledge, reasoning, cognitive dispositions, identifi cation, and exploration of alternative frames of reference (Fero et al., 2010) .
Nursing competency plays a vital role in assuring patient safety (Schwarz, Wojtczak, & Stern, 2007) , as unsafe events commonly occur in acute care settings involving newly graduated nurses beginning their professional careers. The ability of nurses to maintain a high level of vigilance and clinical judgment to detect early changes in a patient's status requires critical thinking, problem solving, and communication dispositions (Buerhaus et al., 2005) . Given the known risks to patient safety, it is imperative that innovative teaching and evaluation methods are employed to support the development of critical thinking and improve performance outcomes. However, the incorporation of alternative methods to better cultivate critical thinking ability remains an unresolved issue in nursing education. Hence, faculty in nursing programs at universities and colleges must continuously implement new teaching strategies to improve nursing students' critical thinking disposition and the ability to improve job performance and cope with the constantly changing health care environment.
Problem-based learning (PBL) is a student-centered approach in which students are exposed to real-life problems designed to trigger appropriate responses and develop dispositions in the context of complex, multifaceted, and realistic situations (McGarry, Aubeeluck, James, & Hinsliff-Smith, 2011 ). In the active, self-directed, and cyclical process of PBL, students usually work in small groups to explore and discuss uncertainties that arise from the learning materials. Each student addresses his or her own learning needs and is tasked with examining specifi c issues that may arise. The goals of PBL are to help the students to develop fl exible knowledge, effective problem-solving dispositions, self-directed learning, effective collaboration dispositions,
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and intrinsic motivation (Hodges, 2011) . The instructor is a facilitator of learning who not only provides appropriate scaffolding but also monitors the learning process (Schmidt, Rotgans, & Yew, 2011) . The instructor must build the student's confi dence to encourage decision making in a clinical setting, while also expanding their understanding of the process (Chng, Yew, & Schmidt, 2011) .
Although there is a theoretical basis behind the PBL method to promote critical thinking dispositions, the fi ndings of a previous study have been mixed (Yuan, Williams, & Fan, 2008) because the available evidence did not provide supportive evidence to conclude that PBL enhances the development of critical thinking dispositions in nursing students. A need exists for additional high-quality research using larger sample sizes to clarify the effects of PBL on critical thinking development within the context of nursing education. In the current study, the key issue was whether a PBL approach, compared with lecture-based learning (LBL) in the context of nursing education, can increase critical thinking capacity in nursing students.
To the authors' knowledge, this is the fi rst crossoverexperimental study to address the issue. The advantages of a crossover-experimental study include an increased use of testing methods to reduce test time and the exclusion of the impact of test demographic characteristics and other independent variables (Martín-Rodríguez, Albavera-Hernández, & Salazar-Martínez, 2010 ). This type of study design can reduce selection and misclassifi cation bias, confounding, and overmatching of variables, and it requires a small sample size because a specifi c case can be used as its own control in one or several comparisons. In this article, the authors implemented a crossover-experimental method to compare critical thinking dispositions in students enrolled in a PBL or LBL nursing program.
The current study fi ndings provide additional support that PBL is an effective model for increasing critical thinking dispositions in nursing students. In addition, this is the only study performed in an undergraduate medical-surgical nursing course that showed a positive effect on critical thinking by PBL. Yuan, Kunaviktikul, Klunklin, and Williams (2008) used a quasiexperimental, two-group, pretest-posttest design to examine the effects of PBL on critical thinking dispositions of 46 secondyear undergraduate nursing students in the People's Republic of China and reported a signifi cant difference in critical thinking between the PBL and LBL groups at posttest. The PBL students had a signifi cantly greater improvement in overall Critical Thinking Dispositions Inventory-Chinese Version (CTDI-CV) subscale scores, compared with the LBL students. In Iran, Dehkordi and Heydarnejad (2008) studied 40 second-year nursing students enrolled in a one-semester course. Their results showed that critical thinking ability signifi cantly improved in the PBL group, compared with the LBL group. A similar positive effect on the enhanced critical thinking dispositions due to PBL in contrast with LBL was reported by Tiwari, Lai, So, and Yuen (2006) . According to their fi ndings, PBL students obtained signifi cantly higher scores in the CTDI-CV overall and in three subscores, including critical-truth seeking, analyticity, and critical thinking self-confi dence.
METHOD Participants
The authors conducted a crossover-experimental study with controls and pretest-posttest design performed at Shanghai Jiao Tong University in 2011. All second-year undergraduate nursing students (N = 76) who registered for the Medical-Surgical Nursing II course at the university were invited to participate in the study. The students were equally and randomly assigned to either group A (n = 37) or group B (n = 39).
Medical-Surgical Nursing II is a one semester-hour course and included several different topics. We chose the topics of "liver nursing" and "nervous system nursing" to evaluate PBL and LBL at the same time for two groups. All course topics, except for liver nursing and nervous system nursing, were taught by only LBL. In other words, the liver nursing and nervous system nursing topics were taught by both PBL and LBL methods. If any student did not agree to participate in PBL, he or she would be assigned to the LBL-only group and was not included in this study.
Crossover-Experimental Design
All students who verbally agreed to participate were randomly assigned to two parallel groups (groups A and B) by computer. The entire study included two processes. During the fi rst learning process, group A received PBL, while group B received LBL as a control. Then, during the second learning process, the teaching-learning methods were reversed according to the crossover-experimental design. In other words, group A, who received PBL during the fi rst learning process, would receive LBL during the second learning process. At the same time, group B, who received LBL during the fi rst learning process, would receive PBL during the second learning process.
Pretest and posttest assessments were performed by multiple choice examinations for groups A and B. Pretests (labeled as A1 and B1, respectively) were conducted 1 day before the fi rst learning process offering. Posttests were conducted 1 day after the fi rst learning process (labeled as A2 and B2, respectively) and the second learning process (labeled as A3 and B3, respectively).
Instruments
The CTDI-CV, which was adapted by Peng, Wang, and Chen (2004) according to Facione's and Facione's (1993) California Critical Thinking Dispositions Inventory (CCTDI), was implemented to measure critical thinking dispositions of nursing students and RNs in China. The CTDI-CV is a standardized, 70-item, multiple choice test that is scored on each of seven categories: truth seeking, open-mindedness, analyticity, systematicity, critical thinking self-confi dence, inquisitiveness, and cognitive maturity. Higher scores indicate stronger critical thinking dispositions.
Enrollment to the research project was conducted 1 day before the content offering. A CTDI-CV pretest was presented to the students and, in accordance with the test instructions, completion of the pretest implied consent to participate in this study. The pretest was administered using the CTDI-CV and was scored on a range of 70 to 420, from which the categories of positive inclination (total score у280), ambivalence (total score = 211 to 279), and negative disposition (total score р210) were derived. The range of each subscale was 10 to 60, from which the categories of stronger positive inclination (total score у50), positive inclination (total score = 40 to 49), ambivalence (total score = 31 to 39), and negative disposition (total score р30) were derived.
In this study, the internal reliability test questionnaire, using a cohort of 36 students (randomly selected among all students who participated in the research), obtained a Cronbach's alpha coeffi cient of 0.8999, indicating that the questionnaire had good internal consistency. Yeh (2002) assessed the reliability and validity of the Chinese version of the CCTDI (CTDI-CV). In that study, the overall Cronbach's alpha was found to be 0.71, whereas the subscale alphas were found to range from 0.34 to 0.73.
Lecture-Based Learning Group
The control group received traditional didactic lectures that covered the same content areas as the PBL group. Students had opportunities to ask questions and to use reference books and teaching materials, and these were also used by the PBL group. Pre-and posttest assessments were conducted using multiple choice examinations in both groups. The lectures occurred in a lecture theatre and each lecture lasted 2 to 3 hours.
Problem-Based Learning Group
No student had any prior exposure to PBL, although all had experienced LBL. The PBL approach was modeled on the reiterative problem-based design, as described by Chen (2008) . The PBL group was further divided into three tutorial groups consisting of 13 to 14 students each, which was facilitated by a PBL instructor. The instructor guidelines were prepared by the investigators. The liver nursing and nervous system nursing topics were each divided into four PBL courses. Each of the four PBL courses was completed in 2-hour sessions administered by one of the investigators (Y.Z.). All other topics were taught using the usual LBL method in the experimental (PBL) group. For the PBL process, the role of the instructor was to construct sample cases, facilitate refl ective group work during the tutorials, and help students to refi ne their approach to PBL. The students' role was to defi ne and analyze the test cases; generate hypotheses; identify, prioritize, and research their learning objectives; submit feedback; formulate explanations; and apply newly acquired information to the problem. During the fi rst session, the students acquired the evidence and identifi ed potential problems in a case scenario. In the next session, after completion of the self-directed learning activity, the students submitted their answers to the learning activity. Feedback was provided to the PBL students during the last 15 minutes of the session.
Ethical Consideration
Although there is currently no ethics committee in our school, to avoid ethical dilemmas, all student volunteers submitted a signed consent form to participate in this study. The crossoverexperimental design was chosen to evaluate our experimental outcomes. According to the study design, students received both PBL and LBL during the entire study process. The only difference between the PBL and LBL groups was the sequence of teaching applications. Thus far, there has been no evidence to indicate that the sequence of PBL modules infl uences critical thinking dispositions; hence there should be no bias between the methods.
Statistical Analyses
The primary outcome measure was the students' critical thinking disposition. Quantitative data were analyzed using SPSS ® version 11.5 statistical software. Demographic characteristics were compared between group A and group B students using the chi-square test. Pretests and posttests were compared using a paired t test. Analysis of variance was also used to control for the effects of the difference of pretest scores of the experimental and control groups' posttest mean scores. A p value Ͻ 0.05 was considered statistically signifi cant. To determine a pretest correlation between CTDI-CV scores related to demographic factors, a chi-square test was conducted, with the fi rst time point (pretest) used as response variables ( Table 1) . Age, personality, extracurricular reading time, passion for nursing, and familiarity with critical thinking approaches did not appear to be signifi cant factors affecting the overall pretest scores.
RESULTS

Participants' Characteristics
Critical Thinking Dispositions
The majority of students (76 of 81) completed all items of the questionnaire, yielding a 93.8% response rate. As shown in Figure 1 , there was no signifi cant difference between the groups in overall scores or in the scores of the seven subscales (p Ͼ 0.05). Of the seven subscales, both groups showed scores in the positive range (у40) in four subscales (openmindedness, analyticity, inquisitiveness, and cognitive maturity), whereas both groups scored in the ambivalence range (31 to 39) in the remaining three subscales (truth seeking, systematicity, and critical thinking self-confi dence).
Pretest and Posttest
Figures 2-3 outline the critical thinking overall scores and subscale scores for the PBL and LBL groups at the fi rst (pretest [A1, B1]), second (posttest after the fi rst learning process [A2, B2]), and third time points (posttest after the second learning process [A3, B3]). The p values were obtained from paired t tests for comparing the critical thinking dispositions overall score and subscale scores. During the entire study, compared with baseline (A1), critical thinking dispositions of group A (A2) signifi cantly improved after PBL (p = 0.032). Of the seven subscales, open-mindedness (p = 0.026) and inquisitiveness (p = 0.022) scores were signifi cantly improved. The overall score and the scores of the seven subscales were not signifi cantly different between time points A2 and A3. Compared with baseline (B1), critical thinking dispositions overall score in group B (B2) did not signifi cantly improve after LBL. However, after PBL, compared with B2, the critical thinking dispositions overall score and truth-seeking score at B3 were signifi cantly improved (p = 0.048 and p = 0.045, respectively). All of these results suggest that PBL improved critical thinking dispositions in nursing students, compared with LBL.
Random Control Test
The authors used a crossover-experimental design to evaluate the project. When group A received PBL, group B received LBL. The learning approach was switched after the fi rst learning process. A comparison of the difference in scores at different time points between PBL and LBL yielded interesting fi ndings. Tables 2-3 show the difference in scores from the fi rst to the second and from the second to the third time points between groups. Two-sample t tests were used to detect any difference in the changes of the scores between groups. When group A received PBL and group B received LBL, the difference was signifi cantly greater for the PBL students in critical thinking disposition overall score (p = 0.023) and in the open-mindedness (p = 0.022) and inquisitiveness (p = 0.024) subscale scores. The difference in scores from the second to the third time point between groups showed that PBL (group B) students had signifi cantly greater differences in critical thinking dispositions overall score (p = 0.040) and openmindedness (p = 0.006).
DISCUSSION
Critical thinking is an important skill for nurses, as the ability to critically assess and interpret situations and to use the knowledge correctly will enable them to provide optimal comprehensive care and other services. With the increasingly complex health needs of patients, nursing students should be equipped with integrated dispositions and transferable competency to benefi t the patients, the staff, and the institutions they serve. One primary goal of nursing education should be to help learners to develop critical thinking abilities through experience, inquiry, and reasoning (Lisko & O'Dell, 2010 ).
In the current study, the overall score and the scores of the seven subscales of groups A and B nursing students were not signifi cantly different at the fi rst time point (pretest). In other words, the level of critical thinking between groups A and B was similar. Among the seven subscales, the highest mean scores occurred in analyticity and inquisitiveness, indicating Figure 1 . Critical Thinking Dispositions Inventory-Chinese Version (A) overall scores and (B) seven subscales scores of group A (problem-based learning group) and group B (lecture-based learning group) nursing students, which was administered at the fi rst time point (pretest). Note. A1 and B1 represent group A and group B students, respectively.
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that the nursing students had a strong logical-thinking ability and potential for enhanced professional knowledge and clinical practice dispositions. These results were consistent with the studies conducted by Giancarlo and Facione (2001) and Yeh (2002) . High scores for inquisitiveness and analyticity showed a potential for the development of critical thinking and clinical-practice abilities (Ip et al., 2000) . Scores in the ambivalent range occurred in three subscales (truth seeking, systematicity, and critical thinking self-confi dence), suggesting that nursing students have inadequate objectivity and knowledge-seeking dispositions, have poor system knowledge digestion and absorption and transformation abilities, and have a lack of self-confi dence. These fi ndings can be explained because LBL is the most common teaching method in medical education, and because it relies on one-way communication, it mostly leaves the students as passive participants to only take notes and ask questions after lecture delivery, if and when time permits (Oladipo, Olowoye, & Adenaike, 2010) . Students are often provided with little opportunity to experience group collaboration or to defi ne, refl ect, and think about the application of nursing knowledge to real-world nursing practice situations. Over time, the overall, systematic, and independent analysis capabilities to refl ect, question, and critically analyze situations become more ingrained. Under China's thousands of years of "Confucian" cultural infl uence, respect for teachers is particularly important, especially in medical education. In addition, respect for authority is characteristic of medical education. All of these constrains add to the development of the students' critical thinking dispositions. Nursing students are accustomed to responding to problems with standard answers, indicating that they lack of the ability of divergent thinking. Further, restrictions on the level of nursing faculty's critical thinking also seriously affect the 
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cultivation of critical thinking ability among nursing students (Twibell, Ryan, & Hermiz, 2005) .
Truth seeking, systematicity, and critical thinking selfconfi dence were found to score below the cutoff point of 40, suggesting that the students were weak in using organized and focused methods of reasoning when problem solving. The fact that the nursing education system has tended to rely heavily on memorization, rather than analytical and systematic approaches for problem solving, most likely contributed to these fi ndings, suggesting the need for further implementation of teachinglearning strategies, such as PBL, to foster problem-solving abilities. The fi ndings of the current study are consistent with those of previous studies that reported improved critical thinking among PBL students (O'Connor & Carr, 2012; Pardamean, 2012; Tayyeb, 2013) . At the same time, this study adds to previous fi ndings by revealing students' development in seven dimensions of critical thinking disposition. By so doing, it reveals students' strengths and weaknesses in the different subscales, thus making intervention possible.
The study fi ndings show that PBL actually stimulated and enhanced students' critical thinking dispositions. PBL motivated students to try a more active learning mode, and their responsibility for their own learning was improved. Friendship, mutual support, and understanding are encouraged among group members. PBL can promote students' communication dispositions, team work, problem solving, responsibility for learning, sharing of information, and respect for others (Rowan, McCourt, & Beake, 2008) An analysis of the differences in the subscale scores over time between the PBL and LBL students may cast some light on how PBL may facilitate students' critical thinking development.
Chinese students reported PBL to be an effective tool to build professional knowledge, develop problem-solving dispositions and self-directed learning, improve motivation to learn, and promote effective group collaboration (Yuan et al., 2011) . Group B students preferred the PBL method to LBL. This preference for PBL was due to factors such as increasing students' enthusiasm for the course; enhancing their participation in learning; and reducing their work load. The PBL approach also increased the interactions among students, the interest in the course content, the interpretation of results, the comprehensive learning, the encouragement to study, the preparation for clinical practices, the observance of course schedules, the communication between instructors and students, and time to prepare for the fi nal examination (Sangestani & Khatiban, 2012) .
On the basis of these results, PBL enabled students to critically analyze situations and problems and arrive at meaningful solutions and was an effective method for improving critical thinking dispositions. The problem-solving process in PBL was closely linked to intellectual processes and critical thinking dispositions. The intellectual process consists of identifying and analyzing a problem, assessing the need for further information and knowledge, considering alternative explanations or solutions, implementing these solutions, and evaluating the outcomes. Critical thinking involved the ability to identify problems, to reason, and to make decisions about what is important and what alternative solutions are possible.
The initial implementation of PBL is not always a smooth process; students often experience uncertainty and stress, an increased workload, and sometimes a lack of confi dence. Nonetheless, PBL is the most effective tool to enhance students' critical thinking dispositions, while improving their appreciation for (Maudsley & Strivens, 2000) . In the current study, the PBL students' critical thinking dispositions refl ected greater improvement on the overall CTDI-CV critical thinking dispositions of truth seeking, openmindedness, and inquisitiveness, compared with the LBL students. Nevertheless, the PBL students' critical thinking dispositions did not appear to show signifi cantly greater development in relation to the analyticity, systematicity, and critical thinking self-confi dence subscale scores. It could be explained that to clarify the complex, confusing, or confl icting concepts in the LBL group, teachers ordinarily stressed the need to fi rst evaluate arguments in terms of the strength of the conclusion relative to the premises. Accordingly, students were often told to assume that premises were true. This procedure enabled students to apply the general statement to a specifi c instance. At the end of each lecture, the teachers reviewed the major concepts, summarized the information, and evaluated the strengths, weaknesses, and credibility of the arguments. In this case, the teachers usually demonstrated these kinds of thinking dispositions while they were presenting the content to the students; thus, the students could indirectly learn the critical thinking dispositions from the teachers.
LIMITATIONS
The critical thinking dispositions of students could have been affected by the researcher (Y.Z.), who also was the instructor. In addition, the study period was only 16 weeks (one semester). Therefore, the effect of PBL on critical thinking dispositions in medical-surgical nursing is recommended for further study.
CONCLUSION
Critical thinking is crucial for promoting scientifi c innovation. Critical thinking ability is particularly important for the preservation of human life in both the patient and the individual health care worker. The PBL method strays from the traditional instructional teaching methods and conforms to the evolution of teaching practices based on an alternative teaching philosophy. PBL is an effective method to improve the quality of medical teaching and the abilities of nursing students, as well as a means to improve implementation of knowledge, ability, and quality, but it also presents an effective means to improve critical thinking dispositions in nursing students in China.
